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LONG  TERM  GOALS 

The  long-term  goals  of  our  laboratory  were  to  develop  and  apply  new  methods  for  sampling 
and  assessing  the  bioenergetics  of  zooplankton.  We  want  to  be  able  predict  the  distribution  of 
zooplankton,  particularly  in  relation  to  physical  fluid  dynamics  at  the  mesoscale  and  below. 

SCIENTIFIC  OBJECTIVES  OF  THIS  EFFORT 

Our  research  project  is  aimed  at  understanding  how  the  non-linear  dynamics  of  mesoscale 
eddies  and  jets  force  the  abundance,  distribution  and  turnover  rates  of  zooplankton  populations  in 
the  sea.  We  have  specifically  focused  on  the  California  Current. 

APPROACH 

We  participated  in  two  interdisciplinary  cruises  off  northern  California  in  the  spring  and 
summer  of  1993,  in  which  a  variety  of  new  instruments  were  deployed  on  an  undulating,  towed 
body  (the  SeaSoar)  to  sample  the  upper  ocean  (0-300  m)  at  high  resolution  to  survey  a  100,000  km^ 
region.  Our  approach  was  to  employ  a  new  instrument,  the  Optical  Plankton  Counter,  to  measure 
the  size-frequency  distributions  of  zooplankton  in  time  and  space.  This  approach  was  supplemented 
by  net  catches  of  zooplankton  for  calibration  purposes. 

TASKS  ACCOMPLISHED 

1 .  Data  analysis 

After  completion  of  the  survey  cruises,  we  spent  approximately  two  years  analyzing  data 
from  the  two  cruises,  focusing  on  results  of  the  large-scale  survey  (a  small-scale  survey  was  also 
carried  out  on  both  cruises).  Several  gigabytes  of  data  were  collected.  These  were  processed  to 
produce  a  standardized  data  set,  which  included  data  on  physics  and  optics  in  addition  to  our  own 
zooplankton  data.  The  standardized  OPC  data  set  has  the  following  resolution  on  the  following 
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scales:  5  km  in  the  horizontal,  10  m  in  the  vertical,  and  60  size  categories  of  zooplankton  in  the  size 
range  from  3-3,000  pg  carbon  body  weight. 


2.  Publication 

Three  significant  publications  emerged  from  this  study.  Each  publication  represents,  we 
believe,  a  fundamental  advance  in  the  theory  and  understanding  of  zooplankton  and  and  their 
interaction  with  their  physical  fluid  environment.  The  substance  of  these  publications  are  described 
in  the  following  section,  below. 

RESULTS 


(a'l  Physical  forcing  of  zooplankton  distributions 

In  this  paper  (Journal  of  Marine  Research,  53:  647-674)  we  showed  that  mesoscale 
zooplankton  aggregations  are  strongly  linked  to  dynamic  physical  features.  In  the  California 
Current,  these  features  are  principally  eddies  and  jets.  Highs  and  lows  in  zooplankton  abundance 
occur  on  precisely  the  same  scales  as  eddies  and  jets,  and  are  persistent  for  time  scales  of  a  few 
months. 

In  a  historical  vein,  it  is  interesting  to  note  tliat  the  dominant  scale  of  distribution  we 
observed  has  been  totally  unobservable  by  the  50-year  CalCOFI  time-series.  A  forthcoming  paper 
(submitted)  will  address  the  aliasing  of  purportedly  “mesoscale”  surveys  (such  as  the  large  scale 
EBC  surveys)  by  inadequate  consideration  for  the  time-scales  of  circulation.  We  use  an  EOF 
method  to  show  how  this  aliasing  occurs,  and  to  quantify  its  magnitude. 

(b)  Biological  attraction  -  an  explanation  for  zooplankton  small-scale  patchiness 

In  this  paper  (Journal  of  Marine  Research,  54:  1017-1037),  we  use  measurements  of 
zooplankton  aggregations  made  with  ADCP  to  demonstrate  the  application  of  the  theory  of 
“biological  attraction,”  a  measurable  force  that  acts  to  counter  diffusive  and  advective  dispersion  of 
zooplankton  species  and  thus  serves  as  a  positive  force  that  maintains  zooplankton  patches  on  scales 
of  hundreds  of  meters.  The  force  of  biological  attraction  was  defined,  and  a  method  for  measuring 
it  (in  units  of  Newtons)  was  put  forward  using  field  data. 

(c)  Zooplankton  productivity  on  the  mesoscale.  estimated  using  Optical  Plankton  Counter 

In  this  paper  (Marine  Ecology  Progress  Series,  159:  61-73)  we  developed  a  new  method  to 
estimate  the  production  rate  of  zooplankton,  based  on  field  measurements  obtained  with  the  Optical 
Plankton  Counter.  The  method  is  based  on  biomass  spectral  theory,  similar  to  that  developed  by 
Trevor  Platt  and  Ken  Denman  in  the  late  1970s.  In  our  opinion,  fortified  by  critical  examination  by 
scholars  in  the  area  of  zooplankton  productivity,  the  Platt-Denman  theory  is  fundamentally  flawed 


by  a  critical  assumption  that  the  turnover  rate  of  individuals  can  be  considered  equal  to  the  turnover 
rate  of  biomass  (the  “turnover  rate  assumption").  The  two  parameters  have  identical  dimensions, 
but  this  assumption  is  a  common  error  in  a  number  of  publications  in  the  field.  It  has  been  shown 
conclusively  that  the  turnover  rate  assumption  is  wrong,  and  leads  to  the  propagation  of  significant 
errors.  We  corrected  this  assumption  and  derived  a  new  set  of  equations  that  allow  the  estimation  of 
zooplankton  productivity  from  raw  data  gathered  on  the  biomass  spectrum. 

One  very  important  result  of  our  analysis  is  that  the  slope  of  the  biomass  spectrum  is  defined 
as  the  ratio  of  mortality  to  growth.  The  value  of  the  biomass  spectrum  thus  indicates  whether  there 
is  net  accumulation  or  disappearance  of  zooplantkon  at  any  given  location  or  a  given  time.  The 
instantaneous  value  is  compared  to  either  a  global  spatial  average  or  a  global  temporal  average, 
depending  upon  the  investigator’s  interest  (i.e.  spatial  or  temporal  variability). 

We  applied  the  method  to  the  data  set  gathered  in  this  ONR  project  in  the  California  Current. 
One  most  interesting  finding  was  that,  in  summer,  the  central  jet  of  the  northern  California  Cun-ent 
is  a  zone  of  net  mortality,  surrounded  on  either  side  by  zones  of  net  increase.  At  a  scale  of  1-2 
Rossby  radius’  distance  from  the  central  jet,  productivity  again  becomes  negative.  This  result, 
while  entirely  unanticipated,  is  understandable  in  the  light  of  what  we  know  about  the  physical 
dynamics  of  the  region  and  how  the  known  zooplankton  species  might  respond  to  strong  transport 
(jet)  or  maintenance  in  a  zone  of  high  primary  productivity  (eddies  adjacent  to  the  central  jet). 


IMPACT  FOR  SCIENCE  OR  SYSTEMS  APPLICATIONS 

1 .  Impact  on  systems  applications 

Zooplankton  are  significant  acoustic  targets  at  certain  frequencies,  especially  in  the  range 
from  ca.  100  kHz  to  2MHz.  If  our  observations  are  generally  true,  then  one  would  expect  the 
variability  in  acoustic  backscatter  at  these  frequencies  to  be  strongly  correlated  with  the  distribution 
of  mesoscale  eddies. 

2.  Impact  on  understanding  zooplankton  dynamics  of  the  California  Current 

Zooplankton  studies  were  originally  incorporated  into  the  California  Cooperative  Oceanic 

Fisheries  Investigations  (CalCOFI)  program  on  the  supposition  that  their  distribution  might  provide 
a  key  to  understanding  the  distribution  of  target  fishes  (sardines  and  anchovies).  The  typical  station 
spacing  in  offshore  waters  of  the  CalCOFI  program  is  45  nautical  miles.  It  is  clear  from  our  results 
that  the  CalCOFI  level  of  resolution  is  inadequate  to  characterize  the  distribution  of  zooplankton  in 
the  California  Current. 

3.  Impact  on  estimation  of  zooplankton  production 

We  developed  a  remarkably  rapid,  easy,  and  highly  resolving  method  to  estimate 
zooplankton  production  using  modern  instrumentation  (the  OPC,  or  Optical  Plankton  Counter). 
This  method  is  theoretically  sound,  easy  to  apply,  and  more  highly  resolving  in  space  and  time  than 
any  method  of  which  we  are  aware.  Resolving  spatial  and  temporal  variability  has  been  the  central 
problem  in  estimates  of  zooplankton  production.  This  ONR-funded  program  made  it  possible  to 
make  such  a  breakthrough,  that  has  been  waiting  for  more  than  50  years  to  be  solved.  We  believe 
the  methhod  we  have  developed  is  robust  and  will  prove  to  be  a  foundation  from  which  others  can 
work  for  some  time  into  the  future. 


RELATIONSHIP  TO  OTHER  PROJECTS 


ADCP  estimates  of  zooplankton  metabolism 

Under  another  ONR  award  we  investigated  the  potential  of  the  ADCP  to  provide  a  proxy  of 
zooplankton  metabolism.  This  was  approached  from  the  knowledge  that  the  second  moment  of 
Doppler  shift  provides  a  measurement  of  swimming  speed  of  the  acoustic  target.  Because 
swimming  speed  is  proportional  to  animal  active  metabolism,  we  are  analyzing  the  relationship 
between  ADCP  data  products  and  direct  measurements  of  zooplankton  metabolism.  If  this 
approach  works  well,  then  we  will  have  developed  a  non-invasive,  synoptic  method  for  evaluating 
the  community  metabolism  of  marine  zooplankton.  This  project  is  related  tlirough  the  common 
interest  in  assessing  zooplankton  biomass  via  ADCP  backscatter. 
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